In this paper, we characterize the matrix classes ( 1 , p ( F)) (1 ≤ p < ∞), where p ( F) is some Fibonacci difference sequence spaces. We also obtain estimates for the norms of the bounded linear operators L A defined by these matrix transformations and find conditions to obtain the corresponding subclasses of compact matrix operators by using the Hausdorff measure of noncompactness.
Introduction and preliminaries
Let N = {, , , . . .} and R be the set of all real numbers. We shall write lim k , sup k , inf k , and k instead of lim k→∞ , sup k∈N , inf k∈N , and ∞ k= , respectively. Let ω be the vector space of all real sequences x = (x k ) k∈N . By the term sequence space, we shall mean any linear subspace of ω. Let ϕ, ∞ , c, and c  denote the sets of all finite, bounded, convergent and null sequences, respectively. We write p = {x ∈ ω : k |x k | p < ∞} for  ≤ p < ∞. Also, we shall use the conventions that e = (, , . . .) and e (n) is the sequence whose only non-zero term is  in the nth place for each n ∈ N. For any sequence x = (x k ), let x [n] = n k= x k e (k) be its n-section. Moreover, we write bs and cs for the sets of sequences with bounded and convergent partial sums, respectively. A B-space is a complete normed space. A topological sequence space in which all coordinate functionals π k , π k (x) = x k , are continuous is called a K -space. A BK -space is defined as a K -space which is also a B-space, that is, a BK -space is a Banach space with continuous coordinates. A BK -space X ⊃ ϕ is said to have AK if every sequence x = (x k ) ∈ X has a unique representation x = k x k e (k) . For example, the space p ( ≤ p < ∞) is BK -space 
A sequence (b n ) in a normed space X is called a Schauder basis for X if for every x ∈ X there is a unique sequence (α n ) of scalars such that x = n α n b n , i.e., lim m xm n= α n b n = . The β-dual of a sequence space X is defined by
Let A = (a nk ) ∞ n,k= be an infinite matrix of real numbers a nk , where n, k ∈ N. We write A n for the sequence in the nth row of A, that is, A n = (a nk ) ∞ k= for every n ∈ N. In addition, if x = (x k ) ∞ k= ∈ ω then we define the A-transform of x as the sequence Ax = {A n (x)} ∞ n= , where
provided the series on the right side converges for each n ∈ N.
For arbitrary subsets X and Y of ω, we write (X, Y ) for the class of all infinite matrices that map X into Y . Thus, A ∈ (X, Y ) if and only if A n ∈ X β for all n ∈ N and Ax ∈ Y for all
The matrix domain X A of an infinite matrix A in sequence space X is defined by
which is a sequence space.
The following results are very important in our study [, ] .
The Fibonacci numbers are the sequence of numbers {f n } ∞ n= defined by the linear recurrence equations
Fibonacci numbers have many interesting properties and applications in arts, sciences and architecture. For example, the ratio sequences of Fibonacci numbers converge to the golden ratio which is important in sciences and arts. Also, some basic properties of Fibonacci numbers can be found in [] .
Throughout, let  ≤ p ≤ ∞ and q denote the conjugate of p, that is,
Recently, in [] and [], the Fibonacci difference sequence spaces p ( F) and ∞ ( F) have been defined as follows:
Using the notation of the matrix domain, the sequence spaces p ( F) and ∞ ( F) may be redefined by
where the matrix F = ( f nk ) is defined by
Further, it is clear that the spaces p ( F) and ∞ ( F) are BK spaces with the norms given by
where the sequence y = ( Let X and Y be infinite dimensional Banach spaces. We recall that a linear operator L from X into Y is called compact if its domain is all of X and, for every bounded sequence (x n ) in X, the sequence the sequence (L(x n )) has a convergent subsequence. We denote the class of all compact operators in B(X, Y ) by C(X, Y ).
Let (X, d) be a metric space, x  ∈ X and r > . Then we write, as usual, B(x, r) = {x ∈ X : d(x, x  ) < r} for the open ball of radius r and center x  . Let M X denote the class of all bounded subsets of X. If Q ∈ M X , then the Hausdorff measure of noncompactness of the set Q, denoted by χ(Q), is defined by 
Theorem . ([] or [], Theorem .) Let X be a Banach space with a Schauder basis (b k )
∞ k= , Q ∈ M X , P n : X → X be the projectors onto the linear span of {b  , b  , . . . , b n } and R n = I -P n for n = , , . . . , where I denotes the identity map on X. Then we have
where a = lim sup n→∞ R n .
In particular, the following result shows how to compute the Hausdorff measure of noncompactness in the spaces c  and p ( ≤ p < ∞), which are BK -spaces with AK .
Theorem . ([], Theorem .) Let Q be a bounded subset of the normed space X, where X is p for
∞ k= ∈ X and R n = I -P n for n = , , . . . , then we have
Since matrix mappings between BK spaces define bounded linear operators between these spaces which are Banach spaces, it is natural to use the above results and the Hausdorff measure of noncompactness to obtain necessary and sufficient conditions for matrix operators between BK spaces with a Schauder basis or AK to be compact operators. This technique has recently been used by several authors in many research papers (see for instance [-]). In this paper, we characterize the matrix classes (  , p ( F)) ( ≤ p < ∞) and obtain an identity for the norms of the bounded linear operators L A defined by these matrix transformations. We also find conditions to obtain the corresponding subclasses of compact matrix operators by using the Hausdorff measure of noncompactness. , and ( p ( F),  ), (  ( F), p ) of compact operators were characterized. In this paper, we characterize the classes B(  , 
Main results

In [], the classes (
Here we characterize the classes B(  , p ( F)) for ( ≤ p < ∞) and compute the norm of operators in B(  , p ( F)). We also apply the results of the previous section to determine the Hausdorff measure of noncompactness of operators in B(  , p ( F)) and to characterize the
The following result is useful.
Lemma . ([], Theorem .) Let T be a triangle and X and Y be arbitrary subsets of ω. (a) Then we have A ∈ (X, Y T ) if and only if C = T · A ∈ (X, Y ), where C denotes the matrix product of T and A. (b) If X and Y are B spaces and
First we establish the characterizations of the classes B(  , p ( F)) for ( ≤ p < ∞) and an identity for the operator norm.
and only if there exists an infinite matrix
and
Proof Since  is a BK space with AK it follows from Lemma . 
This completes the proof of part (a).
It follows by the Minkowski inequality that
and so
We also obtain for e
L C e 
Proof We write S = S  , for short, and C [m] (m ∈ N) for the matrix with the rows C 
Conclusions
The Hausdorff measure of noncompactness can be most effectively used to characterize compact operators between Banach spaces. We have shown how the Hausdorff measure of noncompactness could be applied in the characterization of compact matrix operators between BK spaces. Here we characterized the classes B(  , p ( F)) for ( ≤ p < ∞) and computed the norm of operators in B(  , p ( F)). We also determined the Hausdorff measure of noncompactness of operators in B(  , p ( F)) and then characterized the classes C(  , p ( F)) for  ≤ p < ∞.
